The associations of SNPs in TOX3 gene with breast cancer risk were investigated by some Genomewide association studies and epidemiological studies, but the study results were contradictory. To derive a more precise estimate of the associations, we conducted a meta-analysis. ORs with 95% CI were used to assess the strength of association between TOX3 polymorphisms and breast cancer risk in fixed or random effect model. A total of 37 publications with 97275 cases and 128686 controls were identified. We observed that the rs3803662 C > T, rs12443621 A > G and rs8051542 C > T were all correlated with increased risk of breast cancer. In the stratified analyses by ethnicity, significantly elevated risk was detected for all genetic models of the three SNPs in Caucasians. In Asian populations, there were significant associations of rs3803662 and rs8051542 with breast cancer risk. Whereas there was no evidence for statistical significant association between the three SNPs and breast cancer risk in Africans. Additionally, we observed different associations of rs3803662 with breast cancer risk based on different ER subtype and BRCA1/BRCA2 mutation carriers. In conclusion, the meta-analysis suggested that three SNPs in TOX3 were significantly associated with breast cancer risk in different populations.
, and thus had limited statistical power to demonstrate the associations. Therefore, we performed an updated meta-analysis to aim to come up with the highest level of evidence for the associations between three SNPs in TOX3 gene and breast cancer risk among diverse ancestry populations and distinct tumor subtypes stratified by estrogen receptor (ER) or BRCA1/BRCA2.
Materials and Methods
Literature search strategy. We carried out a comprehensive literature search from PubMed and EMBASE databases up to March 2015, using the following search terms "TOX3" or "TNRC9" and "polymorphism" or "genetic variant" or "rs3803662" or "rs12443621" or "rs8051542" and "breast cancer" or "breast carcinoma" or "breast tumor" . First, we retrieved all potentially relevant articles, whose abstracts contained information related to our research purpose. Second, the references from eligible studies were carefully checked for additional relevant literature. Finally, only the comprehensive or the most recent study was brought into this meta-analysis, in the case that the same study population was included in several different articles.
Selection criteria. Eligible studies had to fulfill the following criteria: (1) case-control studies or cohort studies evaluating the association between TOX3 polymorphism (rs3803662, rs12443621 or rs8051542) and breast cancer risk; (2) odds ratio (OR) and 95% confidence interval (CI) or genotype data of rs3803662, rs12443621 or rs8051542 in breast cancer patients and cancer-free female to calculate OR and 95% CI; (3) studies were confined to human female groups; (4) articles in English.
Data extraction.
A standard protocol was applied to extract data. For every eligible study, the following data were extracted: First author's surname, year of publication, country of origin, population ethnicity, genotyping method, the genotype counts in cases and control (TT, CT and CC genotypes for TOX3 rs3803662; GG, AG and AA genotypes for rs12443621; TT, CT and CC genotypes for rs8051542) and P-value for the HWE in control groups. Two investigators independently extracted the above relative data with any disagreement resolved by discussion. If no consensus wasn't reached, another investigator joined in the discussion. And the final decision was made by the majority of the votes.
Statistical methods.
The strength of associations between TOX3 polymorphisms and breast carcinoma risk were estimated by OR with corresponding 95% CI. For all studies, we assessed the association under five different genetic models for calculating OR. Those were homozygote codominant model, heterozygote codominant model, dominant model, recessive model and allele model. Hardy-Weinberg equilibrium (HWE) was assessed by using χ 2 test to compare expected and actual genotype frequencies among controls of each study. Q-statistic was applied to investigate heterogeneity among studies. P-value greater than 0.1 for Q test suggested a lack of statistically significant heterogeneity, and the fixed-effect model (Mantel-Haenszel method) 19 was used to calculate pooled ORs. Otherwise, heterogeneity was present and the random-effect model (DerSimonian-Laird method) 20 was more appropriate. In addition, the I 2 -test was employed to accurately measure the degree of heterogeneity. Furthermore, the I 2 -value less than 25% was equivalent to mild heterogeneity, and values between 25% and 50% was equivalent to moderate heterogeneity, whereas values greater than 50% was equivalent to large heterogeneity among studies. Potential publication bias was estimated by symmetry of funnel plot of OR versus the standard error of log (OR) and the visual symmetrical plot indicated that there was no publication bias among studies. Sensitivity analyses were conducted to assess the robustness of the results by eliminating each study in turn to show whether the individual data set influenced the pooled OR. Stratified analyses were conducted in terms of ethnicity, estrogen receptor (ER) status, BRCA1 and BRCA2 mutation. All statistical tests in this meta-analysis were two-tailed and P-value ≤ 0.05 was considered statistically significant unless otherwise noted. All statistical analyses were performed with Review Manager 5.2 software recommended by Cochrane Collaboration and Comprehensive Meta Analysis V2 software.
Result
Study Characteristics. Based on the above selection criteria, a total of 37 eligible studies were included in the pooled analyses, involving 97275 cases and 128686 controls for rs3803662 polymorphism 37, 38 , but we still included the two studies after sensitivity analyses were done. Additionally, in three included studies, genotype frequencies were shown separately according to different ethnic groups 7, 31, 39 . Therefore, the corresponding genotype counts in the study were separately considered for analyses. For rs3803662, five studies 11, 15, 16, 26, 38 concerned with ER subtype of breast cancers and three studies 26, 30, 35 related with BRCA1/2 mutation carriers were analysed as subgroups. The Fig. 1 expounded the study selection process. The Table 1 and 2 described the main features of these studies, especially for the genotype counts.
Meta-analysis results. The mixtures of adjusted and crude estimates were used to calculate pooled ORs. The available adjusted variables of included studies were listed in supplementary table 1. Owing to large heterogeneity among studies, we used random-effect model to calculate pooled ORs for the associations of rs3803662 and rs12443621 with breast cancer risk. In contrast, fix-effect model was applied to calculate pooled ORs for rs8051542. In aggregate, T-rs3803662 and T-rs8051542 were all statistically associated with increased risk of breast cancer in all genetic models. However, the association between G-rs12443621 and breast cancer risk was only observed in Caucasians under all genetic models. The pooled ORs and 95%CI for these associations in all genetic models were shown in detail in Table 3 -5, respectively. Forest plots related to the association of rs3803662, rs12443621 and rs8051542 with breast cancer susceptibility in homozygote model were shown in Fig. 2, Fig. 3 and Fig. 4 , respectively.
In the subgroup analysis by ethnicity, our results indicated statistically significant associations between the three SNPs and breast cancer susceptibility in Caucasians under all genetic models. Nevertheless, as for Asian populations, T-rs3803662 and T-rs8051542 were shown to be statistically significant correlated with increased risk of breast cancer in all genetic models. In addition, there was no evidence for the statistical significant associations between the three SNPs and increased risk of breast cancer in African population which were almost African-American in our study. The pool ORs and 95%CI for these stratified analyses were detailedly shown in Table 3 -5 for all genetic modes.
When stratified by ER status for rs3803662, statistically significant increased risk was found in ER + and ER − tumor ( Fig. 5 and Fig. 6 ). Moreover, a stronger association was identified in ER + than ER − subtype for breast cancer risk (Fig. 7) . Additionally, our analysis demonstrated that there were significant relationships between elevated risk of breast cancer and BRCA1/2 mutation carriers for rs3803662 ( Fig. 8 and Fig. 9 ). And the details about ORs and 95% CI under all genetic models were shown in Table 3 .
Sensitivity analyses and publication bias. Sensitivity analyses were conducted to assess the robustness of the results by eliminating each study in turn and all the results were not essentially altered, suggesting that the results of our meta-analysis were statistically stable. Publication bias of the eligible literature was evaluated by funnel plots and the shapes of funnel plots for literature about association between three SNPs and breast cancer risk were mostly symmetrical, indicating that no publication bias was detected. 
Discussion
The TOX3 gene encoded a protein with an HMG box that is considered to be implicated in modification of DNA and chromatin structure 47 . Moreover, increased expression of TOX3 was relevant to bone metastasis in breast cancer patients 48 . Whereas, precise biological function of TOX3 is undetermined. Some GWASs and epidemiological studies have identified the associations of TOX3 polymorphisms with breast cancer susceptibility. However, study results were not consistent. Hence, in order to resolve the conflict, we performed this meta-analysis of the associations between the TOX3 rs3803662, rs12443621 and rs8051542 polymorphism and breast cancer risk.
The three SNPs locate in the 5' end of TOX3 gene and a hypothetical gene LOC643714 on 16q12, and the region is contained in a 133kb linkage disequilibrium (LD) block
12
. Based on the International HapMap database, different LD patterns were observed between Asian and European ancestry. SNP rs3803662 was in moderate LD with rs12443621, with a Pearson's correlation coefficient (r 2 ) of 0.29 in the HapMap CEU population for European ancestry, but very weak LD was found between these two SNPs (r 2 = 0.06) in Chinese 8 . Similarly, there was very weak association (r 2 = 0.08) between rs3803662 and rs8051542 located 52 kb apart from each other in Chinese women 45 . However, the two SNPs showed moderate association (r 2 = 0.15) with each other in European populations 8 . The substantial differences in genetic architecture among races, such as allele frequencies and LD structures, may partly account for our results which confirmed different association of the three SNPs with breast cancer risk in Caucasians, Asians and African-Americans. Rs3803662-T allele, rs12443621-G allele and rs8051542-T allele were statistically significantly associated with increased risk of breast cancer in Caucasians. Meanwhile, T-rs3803662 and T-rs8051542 were identified as risk factors of breast cancer in Asian populations. However, there was no evidence to prove that the three SNPs in African-Americans and G-rs12443621 in Asians were implicated in the breast tumor susceptibility, which was in line with the previous studies 41, 45 . It's worth mentioning that our study showed that T-rs3803662 and G-rs12443621 were protective factors in African-Americans in spite of no statistical significance.
In general, our study proved that the T-rs3803662 and T-rs8051542 in TOX3 were correlated with elevated breast cancer risk in all genetic models. It is notable that a previous meta-analysis directed by Chen et al. 18 has showed that rs3803662 polymorphism was significantly associated with breast cancer risk, but no significant associations were observed for the rs12443621 and rs8051542. In addition, it only included eight case-control studies without stratified analyses. Compared with the previous meta-analysis, our study had more powerful and detailed analyses to prove our results. First and most obviously, more eligible literature and larger sample size were included. Second, the associations between breast cancer risk and rs3803662 polymorphism were considered with respect to ER status and BRCA1/2 mutation carriers. Third, stratified analyses were performed based on Caucasians, Asians and Africans, which was in favor of a more comprehensive understanding the associations in diverse populations. Finally and most importantly, we used mixture of adjusted and crude ORs rather than unadjusted estimates to calculate the pooled ORs. Meanwhile, the original genotype counts of eligible studies were also used to calculate the crude ORs. Supplementary 3SNPs and breast cancer risk by using crude estimates. And there was no significant difference among the two results of pooled ORs based on different estimates, except for rs12443621. The crude ORs were incorporated to result in marginally association of rs12443621 with breast cancer risk under homozygote, dominant and allele genetic mode, but no association was found by using mixture ORs. That was probably because that adjusted estimates could yield more accurate results. Nevertheless, the two ways both demonstrated the relationship between rs12443621 and elevated risk of breast cancer in Caucasians.
To date, more attention has been paid to the heterogeneity of associations between common genetic variants and breast cancer subtypes. The two large-scale studies 37, 38 and our result identified that rs3803662 polymorphism was associated with both ER + and ER − subtype of breast cancer, in spite of the slightly weaker association for ER − breast cancer. Additionally, our study demonstrated that T-rs3803662 was statistically significant associated with increased risk in ER + breast cancer compared with ER − subtype, which was accordance with the researches done by Stacey et al. and Broeks et al. 7, 49 . Intriguingly, T-rs8051542 allele and rs12443621 AG/GG genotypes, rather than rs3803662, were significantly associated with elevated risk of ER + breast cancer in Chinese women 8, 16 . By contrast, the significant associations of rs8051542 and rs12443621 were observed with luminal A (ER/PR + , Her2
− ) and Her2 + /ER − breast cancer only among whites, respectively 50 . Furthermore, the association was strongly confirmed between rs3803662 and triple-negative tumors 25, 49 . Taken together, these studies indicated that there were somehow connections between the three SNPs in TOX3 gene and pathological subtype of breast tumor among different populations. And in another aspect, these studies provided further support for the hypothesis that different subtypes stem from diverse etiological pathways. Additionally, rs3803662 SNP in BRCA1 and BRCA2 mutation carriers was significantly associated with the increased risk of breast cancer in our analysis, which was in consistent with previous studies 26, 35 . While Latif et al. confirmed that the genetic variant was only associated with breast tumor in BRCA2 mutation carriers 30 . Therefore, it's necessary to further elucidate the relevance of rs3803662 to breast cancer risk with BRAC1 and BRCA2 mutation. Despite the advantage of large sample size and stratified analyses, the meta-analysis had several limitations that should be taken into account. First, there was extreme heterogeneity for the outcomes of the association between rs3803662 polymorphism and breast cancer risk. Although we reduced the degree of heterogeneity by stratified analyses based on ethnicity, other sources of heterogeneity were not verified, such as different genotyping methods or tumor types. Second, the sample size of African populations (5462 cases and 7155 controls) was relatively small. Therefore there was insufficient statistical power to demonstrate the associations between the 3SNPs and breast cancer risk in Africans. Third, the criterion of control groups was not uniformly defined. The design of eligible studies was based on population or/ and hospital patients, thus there were potential risks of breast cancer in control groups. Fourth, the mixtures of crude and adjusted publish estimates, rather than incorporation of adjusted ORs, were used in the meta-analysis. Because of the lack of some individual data, we were unable to adjust effect size with possible confounders related with lifestyle risk factors, such as age, obesity, smoking, alcohol consumption and menopausal status. Furthermore, we were unable to examine the interaction between genetic variables and environment. In recent years, some studies for gene-environment interactions showed that relative risks of breast cancer correlated with low-penetrance susceptibility variants (including rs3803662) didn't vary significantly with established environmental risk factors, such as reproductive history, menopausal status and body mass index [51] [52] [53] . Nevertheless, more and more researches have elaborated combined effect of low-penetrance susceptibility loci with breast cancer risk. And the obviously elevated risk stemming from combining many low-penetrant risk alleles supports the polygenic inheritance model of breast cancer 44 . Finally, owing to merely include English articles, there might be language bias on some level. Additionally, positive reports are tended to be published, which might make certain bias.
In conclusion, this meta-analysis indicated that there were different associations between the 3SNPs in TOX3 gene and breast cancer risk in different ethnic groups or subtype tumor. The 3SNPs were associated with the increased risk of breast cancer in Caucasians, while weren't correlated in Africans. Additionally, rs3803662 and rs8051542 were risk factors for breast cancer in Asians. Furthermore, there were stronger associations between rs3803662 polymorphism and breast cancer risk in ER + subtype than ER − tumors. Increased risk of breast cancer associated with rs3803662 was confirmed in BRCA1/BRCA2 mutation carriers. However, studies with larger sample size, which use uniform genotyping methods and criterion of control groups, have sufficiently corresponding individual data and consider the interactions of gene-gene and gene-environment will be needed to verify our results for TOX3 rs3803662, rs12443621 and rs8051542 as predisposition markers to breast cancer in clinical application. 12 Table 5 . Stratified analysis of TOX3 rs8051542 polymorphism on breast cancer. N: Numbers of data sets; P H : P-value of Q-test for heterogeneity test; P H < 0.1 indicates that there is heterogeneity and random-effect model is used to calculate pooled OR s and 95% CI. Otherwise, fixed-effect model is used.
